ABSTRACT. A rat model with cartilage chondrocyte injury was established using interleukin-1β (IL-1β) to investigate the effect of Ginkgo biloba extract (EGb) on matrix metalloproteinase-3 (MMP-3) expression. Rat chondrocytes were extracted and randomly divided into six groups: control group, IL-1β (model) group, IL-1β + dexamethasone group, and IL-1β + EGb group (both high and low dose groups). Reverse transcriptase polymerase chain reaction and enzyme-linked immunosorbent assay were used to detect MMP-3 expression. Compared to the MMP-3 mRNA level in the control group, MMP-3 mRNA level significantly increased in the model group (P < 0.05). The application of dexamethasone or EGb significantly decreased the MMP-3 mRNA level (P < 0.05). MMP-3 mRNA and protein levels decreased in the EGb-treated group, especially in the high-dose group, compared to those in the dexamethasone group (P < 0.05). EGb EGb on IL-1β-induced chondrocyte damage may reduce MMP-3 production during IL-1β-induced chondrocyte damage and protect chondrocytes to some extent, with better efficacy at high doses.
INTRODUCTION
Osteoarthritis (OA) is common in clinical settings occurring widely in middle-aged and elderly. Inflammatory factors can cause chondrocytes to produce cytokines and accelerate matrix degradation. Interleukin 1 (IL-1) is closely related to OA onset. Previous study on rabbits confirmed that IL-1β damages articular chondrocytes (Zhao, 2011) .
Ginkgo biloba extract (EGb) is widely used currently. It reduces signs of aging, is an oxygen free-radical scavenger, and improves cell metabolism in cardiovascular disease. Furthermore, it can significantly improve clinical symptoms of OA.
This study aimed to investigate EGb's effect on matrix metalloproteinase-3 (MMP-3) expression in IL-1β-induced chondrocyte damage by using primary rat chondrocytes and RT-PCR and ELISA detection.
MATERIAL AND METHODS

Animals
SPF-grade, two-week old, female SD rats were provided by Zhejiang University Laboratory Animal Center (certification No. SCXK Zhe 2007 -2007 .
Rats were used for all experiments and all procedures were approved by the Animal Ethics Committee of our hospital.
Instruments
Clean bench (Formal 205 type, USA). Microplate reader REF (Tecna, UK) . Oscillator, enzymatic colorimetric analyzer and spectrophotometer (Shanghai Jinghong Biotechnology Co., Ltd.). Inverted microscope (Olympus, Japan). Incubator (Napco, USA).
Reagents
MMP-3 ELISA Kit, Dulbecco's modified essential medium (DMEM), fetal bovine serum, penicillin-streptomycin, trypsin, 10% formalin, toluidine blue, MTT, dimethyl sulfoxide, dexamethasone, recombinant rat IL-1β (Sigma, USA), EGb (Wilmore, Germany).
Chondrocyte isolation and cultivation
Two-week old female SD rats were anesthetized and euthanized. Cartilage was extracted after opening the knee joint. Primary chondrocytes were digested and cultured. Toluidine blue was applied to detect chondrocyte phenotype. Acidic glycosaminoglycan present in the extracellular matrix showed abnormal blue and purple staining (Figure 1 ). 
Cell culture and grouping
Chondrocytes were seeded in 96-well plates and incubated with 100 μL medium. The cells were divided as follows: control group, normal chondrocytes; experimental group 1, chondrocytes treated with 5 μg/L IL-1β; experimental group 2, chondrocytes treated with 5 μg/L IL-1β and 10 -6 mg/L dexamethasone; experimental group 3, chondrocytes treated with 5 μg/L IL-1β and EGb. Group 3 was further divided into two subgroups, 3a, chondrocytes treated with 5 μg/L IL-1β and 40 mg/L EGb; and 3b, chondrocytes treated with 5 μg/L IL-1β and 160 mg/L EGb.
Reverse transcriptase polymerase chain reaction (RT-PCR)
The cells were collected after being treated with drugs for 24 h and total RNA was isolated. PCR product (5 μL) was analyzed by agarose electrophoresis after PCR reaction to calculate MMP-3 mRNA content.
Enzyme-linked immunosorbent assay (ELISA)
Twenty microliters of diluted standard product was added to the corresponding reaction holes to prepare the standard curve and then 20 μL of samples was added to each hole. After washing the plate five times, 100 μL of enzyme reagent was added. The plate was washed another five times after incubation at 37°C for 30 min. Color agent (100 μL) was added to each hole and the plate was incubated at 37°C for 15 min. The reaction was terminated by adding 50 μL termination liquid. The absorbance value (OD value) was measured at a wavelength of 450 nm. The sample concentration was calculated according to the OD value and standard curve.
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Statistical analysis
All statistical analyses were performed using SPSS17.0 software (Chicago, IL, USA). Numerical data were presented as means and standard deviation. Differences between multiple groups were analyzed using LSD test. P < 0.05 was considered statistically significant.
RESULTS
Chondrocyte morphology
Chondrocytes in the IL-1β group grew slowly and its cells presented with shrinkage and declining activity, as shown by microscopy. Cell viability in the IL-1β + dexamethasone group was better than that in the IL-1β group with less shrinkage of cells. Cells in the IL-1β + high-dose EGb group were similar to those cells in the control group. Cells grew better with high-dose EGb (Figure 2 ). 
MMP-3 mRNA expression
The MMP-3 mRNA level increased significantly in the IL-1β group compared with that of the normal control (P < 0.05), suggesting that IL-1β can damage chondrocytes. Compared with the IL-1β + dexamethasone group and the IL-1β + EGb group, the IL-1β group showed increased MMP-3 mRNA level (P < 0.05), indicating that dexamethasone and EGb could treat IL-1β-induced chondrocyte damage. MMP-3 mRNA level was markedly lower in the IL-1β + EGb group than that in the IL-1β + dexamethasone group, especially in the high-dose group (P < 0.05), suggesting EGb had better treatment effect than dexamethasone with high-dose EGb having stronger effect (Table 1) . 
MMP-3 content comparison by ELISA
Compared with the MMP-3 level in normal control cells, the MMP-3 level increased significantly in the IL-1β-damaged chondrocytes (P < 0.05). Compared with the IL-1β + dexamethasone group and the IL-1β + EGb group, the IL-1β group had increased MMP-3 level (P < 0.05). MMP-3 content was markedly lower in the IL-1β + EGb group than that in the IL-1β + dexamethasone group, especially in the high-dose group (P < 0.05) ( Table 2) . 
DISCUSSION
OA is a cartilage-matrix metabolism disorder characterized by joint degeneration involving cartilage and bone degradation (ZHANG et al., 2009) . Numerous studies have found that cytokines are involved in OA occurrence and development (von Rossum et al., 2011; Hong, 2012) .
IL-1 is an important inflammatory mediator in the body and can be distinguished as IL-1α and IL-1β. As an important extracellular component, IL-1β is highly expressed in the chondrocytes of OA (Jiao, 2000) . It was pointed out that IL-1 is closely associated with OA pathogenesis. IL-1 can alter chondrocytes' structure, improve chondrocyte function, promote apoptosis, degrade the extracellular matrix, and is involved in bone and joint metabolism (Bajo et al., 2015; Karisnan et al., 2015) . IL-1 not only inhibits proteoglycan synthesis in chondrocytes, but also can increase production and activity of multiple joint enzymes to promote collagen and matrix degradation (Semper et al., 2014) .
In this study, we extracted primary chondrocytes from rats. After treatment with 5 μg/L IL-1β, the cells distributed loosely and grew gradually with shrinkage and decreased activity. RT-PCR and ELISA results showed that MMP-3 was overexpressed in the IL-1β group, suggesting that IL-1β could damage rat chondrocytes.
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EGb on IL-1β-induced chondrocyte damage cartilage extracellular matrix synthesis and degradation (Takimoto et al., 2014) . Numerous studies have found that MMP-1, 3, and 13 are closely related to OA occurrence and progression (Hossain et al., 2008; Aerts et al., 2014; Muto et al., 2014) . Among them, MMP-3 could cleave multiple extracellular matrixes including gelatin and adhesion protein, and stimulate MMP-1 synergy. MMP-3 was overexpressed in chondrocytes treated with IL-1β, which is consistent with the results of the previous literature. Dexamethasone is commonly used to treat various inflammatory diseases and has moderate effect on OA and rheumatoid arthritis. However, long-term or high-dose dexamethasone should not be used since it may cause cell apoptosis and hormone-related side effects (Chung et al., 2011; Jia et al., 2011; Sekine et al., 2014; Shantha Kumara et al., 2014) . Studies revealed that single high-dose dexamethasone could cause chondrocyte toxicity resulting in loss of cell viability and irreversible damage (Naves et al., 2011; Braun et al., 2012; Dragoo et al., 2012) .
EGb is widely used clinically in the management of pain, asthma, and diarrhea. It can eliminate oxygen free radicals, promote cell metabolism, and ameliorate OA patients' symptoms, although the drug mechanism still needs further study (Dubey et al., 2004) .
Taken together, 5 μg/L IL-1β could damage chondrocytes. Further investigation showed that the MMP-3 level increased significantly in the IL-1β group compared with that of the normal control (P < 0.05). Compared with the IL-1β + dexamethasone group and the IL-1β + EGb group, the IL-1β group showed obviously increased MMP-3 levels (P < 0.05), indicating that dexamethasone and EGb could reduce IL-1β-induced chondrocyte damage. The MMP-3 level was markedly lower in the IL-1β + EGb group than that in the IL-1β + dexamethasone group, especially in the high-dose group (P < 0.05), suggesting EGb had better treatment effect than dexamethasone and the high-dose EGb showed stronger effect.
In summary, IL-1β can cause chondrocyte damage. EGb could reduce MMP-3 production in this chondrocyte damage, thereby protecting chondrocytes. High doses of EGb exhibited better effect.
